A numerical technique, starting from the Boltzmann equation, for obtaining the time-dependent behavior of the electron-velocity distribution function in a gas is presented. A unique feature of this technique is that, unlike previously used procedures, it does not make use of any expansion of the distribution function. This allows the full anisotropy of the distribution function to be included in the solution. Furthermore, the problem associated with multiterm-expansion techniques of choosing a sufhcient number of terms for convergence is completely avoided. The distribution function obtained by the present method is exact and, in principle, contains all of the expansion terms of the previous procedures. Details of the algorithm, including stability conditions, treatment of the boundaries, and evaluation of the collision integrals, are presented. This technique has been applied for obtaining the time-dependent behavior of electron swarms in gaseous argon and neon for various values of E/N (the ratio of the applied uniform dc field to the gas density), and the corresponding results are presented.
I. INTRODUCTION
The electron-velocity distribution function (EVDF) is fundamentally important in virtually all aspects of gaseous electronics. The EVDF provides a statistical description of the motion of all of the electrons in an electron swarm. The motion of the electrons in the swarm is affected by externally applied electric and magnetic fields, and by collisions of the electrons with the particles of the ambient gas. These external forces and collisions cause time-dependent changes in the EVDF. Stating this process mathematically, let f (v, t) represent the electronvelocity distribution function at a velocity v, and at a particular time t. Then, at some later time t+At, the EVDF can be described very simply by f (v+bv, t +At) = f (v, t)+R(v, t)bt .
Here, 4v = an't, with a as the acceleration of the electrons due to the externally applied forces. R (v, t)At is the collision term which represents the net change in f (v, t) during the time increment At due to all possible collision processes between the electrons and the gas particles. Now, if we expand Eq. (l) to first order in b, t, and then take the limit as ht goes to zero, the spatially independent Boltzmann equation is immediately obtained: 8 (v, t) +a V,f(v, t)=R (v, t u", u, u, +b, u"t +Et) =f(u", uy, v"t)+R(u",u, u"t)bt . (5) Equation (5) (gb) so that the direction of v can be specified, depending on
The differential velocity-space volume elements in Eq. (6) are defined in Fig. 1 In evaluating Eqs. (6) or (12) 
bt'=Et/n, bv'=Av/n, F(u, g, t) is defined as follows: Ref. 10 were equivalent to the expressions used in the present paper so that comparisons among these parameters are feasible. Figure 9 shows that the agreement between the two calculations is excellent. 
